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swiRY

An experimentalinvestigationhasbeenperformedinthe@ngley4-by
4-footsupersonicpressuretunnelto determinetheeffectof changesin
bodycross-sectionshapeontheaerodynamiccharacteristicsofbodiesand
wing-bodycombinations. A seriesof 13 bodieshavinga givenlengthand
volumebutvariouscross-sectionshapesweretestedata Machnunberof
2.01. Eachofthebodieshadthessmelongitudinalareadistributionas
theogive-cylinderbodyofrevolutionoffinenessratio10.5.Thebodies
weretestedaloneandin combinationwitha~.k~sweptbackwinghavinga
6-percent-thickhexago+ section.

Theresultsshowedthatchangesin dragat zeroliftdueto changes
inbodycross-sectionshapefromthebasiccircularshapearesmalland
ofthessmeorderas thetestaccuracy.Si@fic~t changesoccurin
bodylift,pitchingmoment,anddragdueto liftasthebodycrosssection
iS changed.A setofempiricalcorrelationsapplicabletothepresent
testswasfoundrelatingtheliftproducedby
to certaingeometricbodycross-section-shape

a bodyatangle
parameters.

02attack

INTRODUCTION

f
In supersonicaircraftandmissilesthefuselageoften”comprisesa

largepartofthetotal.plan-formsxea.Therefore,-thefuselageaswell
asthewingshouldbe consideredasa lift-producingmedium.l?u%hermore,
mutualinterferenceeffectssreimportantandneedtobe evaluated.
Althoughdataareavailableforbodiesofrevolutionaloneandforthe
interferenceeffectswhenthesebodiesareusedin combinationwithwings,
littledataisavailableforbodieshavingthearbitrarynoncircularcross
sectionswhicharecomingintouse.

~
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2 NACAFM L55E23

Thepresentinvestigationhasbeenundertakento determinethe
effectof changesinbodycross-sectionshapeontheaerodynamiccharac-
teristicsofbodiesandwing-bodyconibinations.A seriesof13bodies
havinga givenlengthandvolumebutvariouscross-sectionshapeswere
testedata Machnmnberof2.01. Eachofthebodieshadthesamelongi-
tudinalareadistributionasthefinenessratio10.5ogive-cylinderbody
ofrevolution.The‘bodiesweretestedaloneandin combinationwitha
winghaving47°sweepback,an aspectratioof3.5,a taperratioof0.2,
anda 6-percent-thickhexagonalsection.
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CD

CL

cm

cLa
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SYMBO19

drag, lb

lift,lb

pitchingmoment,ft-lb

free-streamdynamicpressure,lb/ft2

totalwingplan-formqea, 1.143ft2

body

“h

body

madmnnfrontalarea,0.087f%
6

meanaerodynamicchord,0.656ft

length,3.50ft

tunnelstagnationpressure,lb/sqin.

angleof attack,&g

bodydragcoefficient,~

bodyliftcoefficient,-&

bodypitching-mmentcoefficientaboutbodystation

0.6972,(c/4of ~), x
qFZ

bodylift-curveslopeperdeg

wing-bodydragcoefficient,~

~-.—+.----
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cL‘ wing-body

cm‘ wing-body

c%’
&-body

3

liftcoefficient,*

pitching-mcm&tcoefficientabout(c/kof C), ~
qsc

Mft-curveslope

b bodycross-section

h bodycross-section

P bodycross-section

hl distancefrmbody

breadth,in.

height,in.

perimeter,in.

cross-sectioncentroidtobottomofsection

kl>~ constantsofproportionality

Subscripts:

B arbitrarybody

CB CtiCda body

w wing

o refersto conditionsat zeroangleof attack

Themodelstested

MODEIS

areshowninfigure1. ~ hSiC circularbody
hada fineness-ratio-3.5ogivenoseanda cylindricalafterbody,giving
am overallfinenessratioof10.5.Eachoftheotherbodieshadthesame
longitudinalaxeadistributionasthecircularbody. Thebodieswere
testedaloneandin combinationwitha winghavinglL70sweepback,an
aspectratioof3.5,a taperratioof0<2anda 6-percent-thickhexagonal
section.Thewing-chordplanecoincidedwiththehorizontalcenterline
ofthebodysectionsandwaslocatedlongitudinallywiththequarter
chordofthewingman aerodynamicchordatthe69.7-percent-bodystation.
Oftheninebodiesshown,fourwerenotsymetricaboutthewingplaneand
thesewerealsotestedthrought’heangle-of-attackrangeintheinverted
position.Lift,drag,andpitcldngmomentweredeterminedfrommeasure-
mentsmadewitha sting-supportedinternallymountedelectricalstrain-
gsgebalance.ThebodieswereconstructedofI&raplexandFiberglas
coatedwoodandthewingwasmadeofsteel.Furtherdimensionaldataon
themodelsareshownintableI.

c=~’
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ThetestswereperformedintheLangley4-by 4-footsupersonicpres-
suretunnelata Machnumberof2.01. Thebody-alonetestswererunat
stagnationpressuresof4.5and7.5poundspersquareinchcorresponding
toReynoldsnumbersof 3.9x 106and6.5x 106basedon’bodylength,while
thewing-bodycombinationsweretestedat a stagnationpressureof
7.5Pomti p= squareinch.Tunnelsurveysshowthatatthelowerpres-
sureundersome.conditions(moistair) theMachnumbermaybe as lowas
1.98”Thiseffecthasbeenneglected.Forthewingtheangle-of-attack
rangewas’from-2°to10°. Forthebodiestheangle-of-attackrangewas
from-2°to 10°at thelowpressureandfrom-2°to8°atthehighpres-
surewherethepitchingmomentreachedthebalancelimit.Allofthe
datapresentedarefora stagnationtemperatureof100°F.

TransitionstripscomposedofNo.60 Carborundumgrainssetin shel-
lacwereusedonallconfigurationsto insureturbulentflow.Thestrips
wereplacedonthebodies1/2inchbackfromthenosebutwerenotused
onthewing.

Froman
calibration,

examinationofthetestrepeatabilitysndthestaticbalance
thetestaccuraciesareestimatedtobe asfollows:

Body

CJ) to. 01

CL tO.03

cm *O.03

a to.lo

cLa 3.003

L/D *.15

Wing-body

cl)‘ io.ool

CL‘ io.oo2

cm‘ *O● W2

a K)olo

c%’
io.0003

L/D I *().15

RESULTSANDDISCUSSION

Thebasictestdata,whichhavebeenadjustedto theconditionof
free-stresmstaticpress&eatthebodybase;arepresentedinfigures2
and3. Bytheuseofoffsetverticalscales,curvesforallthirteenbody
shapesareshownon onepage. Caremustbe exercisedinreaUngthefig-
urestousetheproperzerolineforeachofthecurves.To aidinthis
identification,thesymbolfora givencurveis showninthemarginoppo- -
sitethezerolineforthatchrve.

. ——— ——. . . .
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Figure 2 @ves theaerodynamiccharacteristicsofthebodieswhen
tested~OIle. ForeachofthetwostagnationpressuresPO = 4.5and

(
7.5pounds per square inch)lift,drag,pitchingmoment,andlift-drag
ratioarepresentedasa functionof@e ofattack.Thepitcldng
momentistakenaboutthe69.7-percent-bodyst&tionwhichisthestation
atwhichthequarterchordofthewingmeanaerodynamicchordoccursfor
thewing-bodycombination.

Noticeinfigure2 thatthebodieshaving’thegreatestbreadthpro-
ducethehighestdrag,lift,andpitchingmment atanglesofattack.

Also,thosebodiesproducehig& lift-dragratiosandtheir ~ -
( )max

seemsto occurat loweranglesof attack.Thesechangesareinthe
directiononewouldexpect,sincethebodyapproachesa wingshapeas
itsbreadthisincreased.However,itisobviousthatbreadthorplan-
formareaisnottheonlyfactor,becausethetriangle,tent,andtear-
dropshapesdonotproducethes- resultswheninvertedaswhen
upright.

Aerodyuemiccharacteristicsforthewing-bodycombinationsata
stagnationpressureof7.5poundspersquareinchareshowninfigure3.

. Lift,drag,Mft-dragratio,andpitchingmomentaboutthequarterchord
ofthemeanaerodynamicchordareplottedagainstangleofattack.Dif-
ferencesbetweenthevariousbodieshereareingeneralaccordwiththe
previouslymentionedchangesinbody-alonecoefficients.

Thevaluesofthedragcoefficientsat zeroangleof attackforthe
bodiesandwing-bodycodd.nations,takenfrmnthebasicdata,arerepro-
ducedintableII. Thesmallchangesin dragandtherelativelylarge
exper-ntalerrorpreventanyconclusionsbeingdrawnfromthesedrag
data,exceptthatthechangesin dragdueto changesinbodycross-section
shapefromthe
testaccuracy.

basiccircularshapearesmallandofthesameorderasthe

Body-AloneLiftlhd@S

Thefollowinganalysishasbeendevelopedfromseveralemperical
relationshipssuggestedby theexperimentaldata,ratherthanfroma
rigoroustheoreticaltreatment.Thereexistslittleorno information
onthecross-flowcharacteristicsofthesearbitraryshapesandthe
presentinvestigationincludednopressuredistributiontit-anecessary
fora detailedfbwstudy.

Itwasfoundconvenientforthepurposeofanalyzingthesedatato
dividetheliftproducedby thebodiesofarbitrarycrosssectioninto
twoparts.Thefirstpartisproportionaltotheangleofattackandis

— --— . . .. . . . —. —-- ..—— -—-.—.————— —- —— — -— --— ———— —— ———
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determinedfromthebodylift-curveslopeat zeroangleofattack.The
secondpart,whichhasbeencalledtheincrementalLift,‘wasfoundto
VarYtiththeangleofattackcubed.

‘Iheincrementalliftata givenangleofattackwasfoundby first
adjustingtheliftcoefficienttotheconditionof zeroliftat zeroangle
ofattack(a.smalltarecorrectionforthebalanceandanadjustmntfor
theliftproducedby thenonsymetricalbodiesat a = Oo),thensub-
tractingthequsntlty(C~)u. Thectierootofthisincremental,lift

coefficientispiottedinfigure4 a@nst angleof,attackforeachofthe
bodiesforbothvaluesofstagnationpressures.Allthepointscanbe
representedreasonablywellwitha straightlinefromtheorigin.

Withthisinformation,anempiricalrelationfortheliftofa body
havinganarbitrarycross-sectionshapecanbewrittenasfollows:

Theconstant kl isthelift-curveslopeat
thebodyunderconsiderationand ~ isthe

(1)

zeroangleofattackfor
incrementalliftconstant

ofproportionality.Theseconstantscanbe determinedfromexpertiental
dataaagiveninfigures2 and4.

Theformofthisequationis similartothatgivenbyKellyinref-
erence1 andAlleninreference2. Inboththesetheoriesthefirst
termoftheliftequationrepresentsthepotentialliftwhichispropor-
tionaltotheangleof attack.Thesecondtermrepresentsthecontribu-
tionduetothe~scouscrossflowandisproportionaltotheangleof
attacksquaredinAllen’stheory(ref.2)andtotheanglecubedin
Kelly’stheory(ref.1).

An inspectionofthedataindicatedthe~ossibilityofobtaininga
correlationofthepreviouslymentionedconstantswithcertaingemetric
shapeparameters.Correlationswereattemptedonthebasisofa.large
nmber ofparameterswiththoseshowninfigure5 yieldingthebestover-
allagreement.Theseparameters& notnecessarilyhaveanytheoretical
basis;therefore,the~ useshouldbe Mmitedto
therangeofthisreport.

The bodylift-curve slope at zeroangleor

tionoftheprimaryliftsection-shapeparameter,

Thisparsmeterconsistsof
cross-flowfinenessratio,
incrementalliftcopstant

——

configurationswithin

kl is shownasa func-

a term b/h whichisthereciprocalofthe
anda wettedarearatioterm,p/@. The
~ is shownasa functionof a secondshape

.— -————— .—..—. ———— —.
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parameter
()()

~32h1
~T (Y

involvingthebodybreadth 2
@

anda symnetry

2h~
term —, where hl isthedistancefrmnthe

h
thecentroidofthearea. Thetypicalsection
inidentifyingthesymbols.

bottomofthesectionto

showninfigure5 tillaid

Inviewofthereasonablygoodcorrectionobtained,itisexpected
thattheliftcurvecouldbeobtainedatthisMachnumberforotherbodies
havingthesamedistributionof cross-sectionalarea.I?romthegeometry
ofthecrosssections,theappropriateparameterscanbe determined,the
constantskl and ~ foundframfigure5, andtheliftobtainedby use
ofequation(1).

Since thedeterminationof liftdepends on two sepuate correlations,
a moredirectcomparisonofthecorrelationmethodwiththeexper-ntal
pointsispresentedinfigure6. Hereexperhentalliftisplotted
againstangleofattackandcomparedwiththatcalculatedfromthecorre-
lationsas otitl.inedpreviously.

US* therehtion CD - CD = CL SiII CL, theliftcorrelationwas
o

usedto calculatedragdueto lift,whichis comparedwithexperimental
pointsinfigure7. Thereisreasonableagreementat PO = 4.5,butat
PO = 7.9it issomewhaterratic.

Insmmary,aswasnotedpreviously,thebodieshavingthegreatest
breadthproducet~~~ghestlift,drag,pitchingmament,andlift-drag

Un=ratio,andtheir b seemsto occurat loweranglesofattack.How-
5

ever,fromtheforegoingdiscussionitisapparentthatbreadthisnot
theonlyfactorinvolved.

Wing-Body~f t fhlE@3iS

Itmightbe expectedthatchangesinbodyliftwouldbe evidenced“
tosomedegreeintheliftofthecorrespondingwing-bodycombination.
Infigure8 theratioofthelift-curveslopeat a = 0° ofthewing-
arbitrarybodytothatofthewing-circ~ bodyisplottedagainstthe
primaryliftsection-shapeparametir.Thesolidlineshowsthevalue
calculatedfromtheprimarybodyliftcorrelationneglectingmutual.
interference.Theequationusedis:

~-;,‘- -----

I
.-— ........-—-—-———— .—-....— —.—.——- . —--———— .—
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C%(W+ B) ‘lB - ‘1-cB
=1+

cLa(w + CB) CLa(W+ CB)

where kl isnowbasedonthewingarea.Withinthelimitsoftheexperi-
mentalaccuracyandtheassumptionsmadeintheanalysis,anyCU.fference
be@eenthevaluesgivenby thislineandtheexperimentalpointsrepre-
sentstherelativeinterferenceeffectscomparedtothewing-circular-
bodycombination.It canbe seenthatthecircularbodyandsquarebody
producethemostfavorableinterferenceinthepresenceofthewing. How-
ever,theabsoluteamountoftheinterferenceisnotknownsincenowing-
alonedataareavailable.It isa necessaryconditionofthecorrelation
thatthelinepassthroughthepointforthecircularbody. Itmaybe seen
fromfigure8 thatthehorizontal.ellipse,whichhasthegreatestlift-
curveslope,musthavea relativelylsrgeunfavorableinterference.A
similsrattemptforcorrelationofwing-bodylift-dragratiofailedto
showanytrend.Althoughno correlationwasshown,it shouldnotneces-
sarilybe assumedthatnoneexists,sincetheexperimentalaccuracywas
nearlyas largeasthescatterofthedata.

CONCLUSIONS

Fromanexperimentalinvestigationat
aerodynamiccharacteristicsofa seriesof

a Machnuder of2.01ofthe
bodiesofarbitrarycross

sectiontestedaloneandin combinationwitha sweptwingthe-following
conclusionsaresho%m:

1.Changesin dragdueto changesinbodycross-sectionshapefrom
thebasiccircularshapearesmallandofthesameorderas thetest
accuracy.

2.Significantchangesoccurinbodylift,pitchingmoment,anddrag
dueto liftasthebodycross-sectionshapeis changed.Ingeneral,the
bodieshavingthegreatestbreadthorplan-formareahadthehighestlift,
pitchingmoment,anddragdueto lift.

.

“

. .
——— ————
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.

3. A setofempiricalcorrelationsapplicabletothepresenttests
wasfoundrelatingtheliftproducedby a bodyatangleofattackto
certaingeometricbodycross-sectionp=ameters.

LangleyAeronauticalLaboratory,
NationalAdvisoryCcrmnitteeforAeronautics,

Uey Held, Vs.,April29,1955.
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MODELDIMENSIONS

Bodylength,ft....... . . . . . . . . . . . . . . . . .
Bodycross-sectionalarea,sqft . . . . . . . . . . . . . . . 0.:4;
Wingmeanaerodynamicchord,ft . . . . . . . . . . . . . . . . 0.656
Wingplan-formarea,sqft. ~ . . . . . . . . ..o O.O ● = 1.143

Bodycross-sectionshape

Horizontalel~pse
Dismond
Triangle
ihvertedtriangle
Tent
tivertedtent
Circle
Square
90°teardrop
Inverted90°temtrop
45°teardrop
Inverted45°teardrop
Verticalellipse

Sectiongeomet]

blh

4.90
4.46
4.50
4.50
3.60
3.60
4.00
3.62
3.89
3.89
3.49
3.49
3.27

3.27
4.46
4.10
4.10
4.17
4.17
4.00
3.62
4.37
4.37
5.02
5.02
4.90

.CConst

hl

1.635
2.23
1.635
2.465
~.85
2.32”
2.00
1.81
2.015

2.86
2.45

;s,in.

P

12.94
13.12
13.74
13.74
13● 14
13.14
M?.%
13.12
12.73
I-2.73
13.60
13.60
12.94

.

.

/
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DRAGComm ATZEROANGLEOFATlv!CK

DrEq Coefficient

@y Crolm-eectlonshape May, w,
p. = 4,7lb/sqin. po = 7.5 lb/Sq fi.

Wing-body

HorizontalelJdpae 0.184 0.17’7 o.o&7
Mmmnd .196 .190 .0266
!mimgle .186 .182 .c277
Tent .176 .172 .0271
Circle .184 .172 . .0268
9qwe .187 .1~ .0277
900teardrop .188 .182 .0272
450 teardrop . In .x% .0283
VerticaleUlpse .179 .172

●0275
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Typical wing section

2858ogive nose- L
\ ,“

.’
—. -- -—

‘\\
x

—[4————A
24.25 *

573+

r

1’
I— . .-.

● 29.25

Basic Layout
Circular body shown

●

\ ‘\\ I
\ “. I

~ he
4

Horizontalellipse Diamond Triangle

fQ7 ~@2 & &;@

4.00 g ~
d

Circle N Square 90°Teardrop 45°Teardrop Vertical ellipse

1-
J

Body cross sectionshapes
All. radii .8 in unlessotherwisenoted

Figurel.-Dimensionsofthebasicwing—circular-bodyconfigurationand
thecrosssectionsofthebo~,series.Wingchordplsnecoincides
withsectionhorizontalcenterErie.- Alldimensionsme ininches.
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0 90° teardrop

O Inverted90° teardrop

6 45° teardrop

O Inverted45° teardrop

O Verticalellipse
-4 -2 0 2 4 6 8 10 12

Angle of attack,u,deg

(a) Drw; P. = h.5 poundsper squsreinch.

Figure2.- Aerodynsmiccharacteristicsofthebcdyaloneaf3a function
of angleof attack.

—_. . ...——.—+ —-- ——— ..--. —.————



14

—.-— —

NACARML5SE23

=0

00

‘o

Vo

&no
~’
gvo
8
g’oo

❑ o

00

00

60

90

00
=4 -2 0 2 4 6 8

Angle of attack, a,deg

(~) DW3; PO= 7.5 poundspersquare

Figure2.-Continued.
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(c) ~fi; I+) = 4.5 poundsper squsre inch.

Figure2.-.Continued.
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0
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0
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I.2
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0
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(d)Lift;p. = 7.5 Potis per square

F@ure 2.-Continued.
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0 Horizontalellipse

,
0 Diamond

A Triangle

v Invertedtriangle

w Invertedtent

o Circle

o Squore-

o 90°teardrop

o Inverted90°teardrap

0 45° teardrap

V Inverted45° teardrap

0 Verticalellipse

-4 -2 0 2 4 6 8 10 12

Angle of “attack, a , deg

(e) Pitchingmoment;PO = 4.5poundspersquareinch.

Figure2.-Continued.
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= Horizontaldlipse

O Diomond

4 Triangle

v Invertedtriangle

n Tent

Inverted

Circle

Square

tent

0 90°teardrop

0 Inverted90°teardmp

6 45° tepr&ap

O Inverted45° teardrop

O Verticalellipse

‘4-2024”6~ ,0:2

Angle of attack, Q, deg

(f)Pitchingmoment;p. . 7.5 poundsper sqmre inch.

Figure2.-Continued;
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Figure 2.- Continued.
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HoI
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‘4 -2 0 2 4 6 8 10 ,2
Angle of attack, a, deg

A Triangle

v Invertedtriangle

n Tent

~ Invertedtent

O Circle

❑ Square

o 90° teardrop

0 Inverted90° teardrop

6 45° teardrop

O Inverted45° teardrop

O Verticalellipse

(h)Lift-dragratio;PO = 7.5poundspersquareinch.

Figure2.-concl~ed.

—— .—

.



NACAI?ML55E23 2L

00

00

“o
-“n

$’0
i do

~
a ‘JO

00

❑ o

00

00

60

00

00
-4 -2 0 2 4 6 8 10 12

Angle of attack, a, deg

o Horizontalellipse

o Diamond

A Triangle

v Invertedtriangle

6 Tent

w invertedtent

O Circle

D Square

o 90° teardrop

O Inverted90° teardrop

0 45° teardrop

Q Inverted45° teardrop

O Verticalellipse

(a) Drag.

Figure3.- Aerodynsmiccharacteristics of the wLm?-bo&vcanibinaticmas R
functionof ~le of att~k. p. . ‘j’.5jOm~-per-~w~–~~~~ —-

-->.-...+--.-2>
+==QU&

..——.——.—.—--.——...———.—.



. —. — ._

22 ‘

=0

00

“o

Vo

-... a o
~.
c

&Jo

300
?5

00

00

00

()()

90

00

.

NACARM L55E23

‘4 -2 0 2 4 ~ 8 ,0 ,2

Angle of attack, a , deg

(b) Lift.

Figure 3.- Continued.

c=—————
— —

= Horizorltalellipse

o Diamond

A Triangle

v Invertedti”angle

~ Tent

Q Invertedtent

O Circle

❑ Square

O 90°teard~

0 Inverted90° teardrop

45° teat

Inverted

Vertical

“drop

45° teardrop

ellipse

—.——



NACARML55E23 23

0

0

A

o

0

0

Vo

no

‘Jo

00

no

00

00

60

v

o

0

0

.04

0

-.04

-.08

.04

0

-.04

-.OQ

= Horizontalellipse

o Diamond

A Triangle

v Invertedtriangle

a Tent

w Invertedtent

O Circle

❑ Square

o 90° teardrop

O Inverted90°te~d~p

O 45° teardrop

V Inverted45” teardrop

0 Vertical ellipse

.,

-4 -2 0 2 4 6 8 K) 12

Angle of attack, a , deg

(c)Pitchingmoment.

Figule3..- Continued.

,.: =—. ---

,

— -——.——— .—. — —- — — ——z



—.— ——— —

00

‘o

Vo

00

00

Vo

00

= Horizonta

O Diamond

II ellil]se

‘4-2024”6~ ,0,2”

A Triangle

w Invertedtriangle

n Tent

w Invertedtent

~ Circle

❑ Squore

b 90° teordrap

O Inverted90° teardrop

0 45° teardrop

Inverted4

Vertical el

Angle of attack, Q, deg

(d)Lift-dragratio.

Figure3.-Concluded.

5° tc

Iipse

!ardrop

—.——. —

.



I

P. . 4.5

-0

A@30fattd, a,*

pa -7.5

u’
---

/ Ex@md

0 Fhrimntel d&

?--’

/ ‘ ,A o DImmrd

7-’
--- A Triorqle

/

w
/ , h.ww triarde

s---- n Teni

/ .x’ 9 km-td tent

/ 0 Ckcle

fk---- “

---- ❑ sqwre

v
/=-- !3 90” **

A /
/

o hwtcd 90” teardq

/ ‘
Y

A O 45° teordw

A ‘
W

/ g herted 45” tOmCb_OP

/ J---

0
----2 ‘j ;8,0 ,2, Wtlclll culpa

Figure4.- Cube root of tbe Incremanttibody llftcoefficientat angle
of attackm“ a functionof angleof attack.

‘!2



Nm

I

I

I

1

I

(

.08

.06 Q

e
z0 .04- e

x

P

.02 /

o 123456

w
Typhxl wtion

.%>

/

“ b

Cen~d

area ‘ 7
h

0123456 b

Prirray lift section-shape parameter, ~ . ~

Incrern.mtal lift section -sham parameter, [*T [+1
Figure ~.- Correlationof bcdy Hft coefficienttith bo~ sectLon-6h~

pammters usingthe relation CL “ kla + *3.

o Hcrizontcddtipw
orxY1-id
A Trlande
: +:+rted tria~e

Q Inverted twrf
o Circle
❑ *we
b 90”teardrcp
Q lrrmrkd 90°tecrdrq
CI 45°teordrop
v Inverted 45°twrtkw
0 Vertical ellipse

I

t

I

I



I

I

-0

00

~o

d“ “ 0
J“”
Ta-oo

f“u .0

c
3 .0

00

00

60

go

00

1.2 .

.8

.4

0

P.. 45

P@of*, a,*

Fbmme 6.-Comparisonof experimentalLLftcoefficientwith that given
by the correlation.

I



-0

$ Vo

00

00

60

00

00

p,. 7.5

kJkofdtd, a,&J

— cdcdam fm’n

Ik?-ww Cwrdatb ,

~-~ W,a +kla’) h

Ha+mtal dike

ml-a-m

Trh@

kwertedtri@

Tent

Ilnwtd to-d

Ci-de

90” tmdw

lnw+d 90° hmdrcq

45” temdmp

Iw?rled 45° iam+Iw

Wtiml .dIlme

Figure7.- Comparisonof experiment.albcdy dragdue to liftwith that
scalculatedfromthe lift-curvecorrelation.
G

I

I

I



1

)

!
1
I

)

I

1
1

I

j

I

1

/
i

Calmlated
from correlation .

.04-

.02

1.00

.98

.96

Experiment

o Horizontal el Iipse
O Diamond “
A Triangle ‘

v Inverted triangle

6 Tent
v Inverted tent
0 Circle
❑ Square
0 90° tear drop

Q Inverted 90° teardrop
() 45° teardrop
Q Inverted 45° teardrop
O Vertical ellipse

0123456

Primary lift section - shape bpparameter, T “ ~
~,

I
II

{

di-

Figure8.- CompariBonof experimentalw&g-b@3Y llf’t-cwveslopetith
thosecalculatedfrom the bcklyMft-curve-slopecorrelation.

c,!
,,
~:

1


